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and to a limited degree on healthy eating habits (1, 4) . In contrast, guidelines for T2D focus on weight reduction or maintenance through energy restriction and healthy eating habits to improve glycaemic control and reduce cardiovascular disease (CVD) (1, 4) . In Denmark patients with diabetes are offered free-of-charge access to dietary counselling with a dietician. However, it is unknown whether this individualised approach in diabetes is reflected by a higher dietary adherence to the recommendations. The latest national survey of dietary habits in Denmark concluded that the Danish diet was too high in fat and carbohydrates (added sugar) and too low in dietary fibre compared to the dietary guidelines (5) . Only a few studies have investigated dietary intake and adherence to the recommendations in patients with diabetes (6) (7) (8) (9) (10) (11) , in general reporting poor adherence for most macronutrients. Dietary studies comparing patients with diabetes with the general population have not previously been reported. Thus, the aim of this study was to investigate dietary habits and adherence to dietary recommendations in patients with T1D and T2D as compared to the general population in Denmark.
SUBJECTS AND METHODS

Design and participants
The dietary survey among patients with T1D and T2D was a cross-sectional design based on a webbased questionnaire with information concerning the patients' habitual diet, physical activity, and socio-economic status. Data were collected July 2014 -January 2015. A random sample of 3,000 adult patients (>18 years) with diabetes (1,500 with T1D and 1,500 with T2D) followed in the outpatient clinic at Steno Diabetes Center Copenhagen were assessed for eligibility. We included patients with diabetes-related complications that could influence the dietary intake (e.g. gastropareses and coeliac disease), however the number was small (4.5 %). Exclusion criteria included mental disorders or life-threatening disorders. A total of 774 patients (n=426 with T1D, n=348 with T2D) participated in the study (Figure 1) . Patients received a written invitation with information regarding the questionnaire including a personal token and a hyperlink to a website containing the study questionnaire. The online survey tool, Lime Survey (San Francisco, CA, USA), was connected to a server at the National Food Institute (Technical University of Denmark).
Clinical data were extracted from the patients' electronic medical record (EMR). Patients were informed that completing the web-based questionnaire was regarded as consent to participate in the study according to Danish regulations for biomedical research. The dietary survey was approved by the local ethics committee and the Danish Data Protection Agency. Data from the cross-sectional A C C E P T E D M A N U S C R I P T study were compared with data from the Danish National Survey of Dietary Habits and Physical Activity in 2011-13 (DANSDA)(5) performed by the National Food Institute and based on a random sample of 2,899 adults from the general population with no known history of diabetes.
Dietary assessment
Dietary intake of total energy, energy-contributing macronutrients and foods in patients with diabetes was assessed using a web-based semi-quantitative food frequency questionnaire (FFQ) whereas dietary intake in the general population based on DANSDA data was assessed using a precoded food diary. In collaboration with the National Food Institute, we have previously performed a study of the relative validity of the FFQ in patients with diabetes against the food diary used in DANSDA (12) . The FFQ covers intake in the previous three months and consists of 270 food items and mixed dishes. Portion sizes were estimated using the same household measures and series of photographs that participants could select according to their habitual dietary intake similar to the food diary in DANSDA (5) . Mean intake of foods and nutrients recorded in the FFQ and the food diaries were calculated using the same software system General Intake Estimate System (Mørkhøj, Denmark), to examine adherence to DNSG recommendations for patients with diabetes and NNR recommendations for the general population. DNSG(1) and NNR(2) use similar targets for recommended intake of carbohydrates (45-60 E%), added sugar (<10 E%), protein (10-20 E%), saturated fatty acids (SFA, <10 E%), monounsaturated fatty acids (MUFA, 10-20 E%), polyunsaturated fatty acids (PUFA, 5-10 E%), alcohol (women, <10 g/d and men, <20 g/d), vegetables (≥300 g/d), and fish (350 g/week)(1-3). DNSG guidelines recommend 5 daily servings of fruit and vegetables and 4 weekly servings of legumes(1), interpreted as 250 g fruit and 300 g vegetables (including legume recommendations), since the National Food Institute includes legumes in the calculation of total vegetable intake. DNSG and NNR have different targets for fruit: physical activity level with three categories (low, moderate and high) (14, 15) . Median EI rep :BMR est was 1.186 (interquartile range (IQR) 0.922-1.461) in T1D and 0.900 (IQR 0.698-1.710) in T2D with a proportion of potential under-reporters of 34% (T1D) vs. 42% (T2D), compared to 12% in the general population. Proportion of potential over-reporters was low (~1-2%). A high proportion of the under-reporters were overweight or obese (~50-90% had a body mass index (BMI) >25 kg/m 2 and ~20-60% had a BMI >30 kg/m 2 ). 
Other variables
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Background data from the general population
Data from DANSDA was included to compare and adjust the statistical analyses. Data concerning smoking habits, occupational status and level of education were collected from personal interviews, BMI was calculated from weight and height and physical activity was assessed by a 7-day use of pedometer adjusted for biking time, and categorised into three physical activity level groups: low <7,500 daily steps, moderate 7,500-9,999 daily steps, and high ≥10,000 daily steps.
Statistical analyses
Analyses included standard descriptive statistics. All data were non-normally distributed and therefore presented as medians with interquartile range (IQR). Group differences were tested using Mann-Whitney U test or Kruskal-Wallis one-way analysis of variance as appropriate. Categorical data were compared by using the Chi-square test for differences in proportions. Due to the wide age range (18-75 years) we tested for age effect but did not find any major effects on dietary intake.
Still we included age in the multiple linear regression analysis. Percentage differences in dietary energy intake (with 95% CI) deriving from carbohydrates, added sugar, total fat, SFA, MUFA, PUFA and protein in patients with T1D and T2D as compared to the general population were tested using multiple linear regression analysis adjusted for age, gender, BMI, physical activity level, and education level. Similarly, percentage differences in g/d of dietary fibre, vegetables, fruit, fish and alcohol were tested using multiple linear regression analysis adjusted for the same variables as first mentioned in addition to total energy intake. Variables were logarithmically transformed for statistical analyses and back transformed to natural units for presentation in the text and Forest Plot figures. For all statistical tests a two-sided significance level of p <0.05 was used. All statistical analyses were performed with the SPSS software for Windows, version 22.0 (IBM Corp, Armonk, NY, USA).
RESULTS
Overall participation rate was 26% (T1D 29% and T2D 23%; Figure 1 ). The study participants were generally healthier than non-responders ( Table 1) . As shown in Table 2 , patients with T2D were older and heavier compared with T1D and the general population. Compared with the general population, patients with diabetes were better educated, with less smokers ( Table 2 ) and more users of dietary supplementation (see Table 1 in Ref (16)). The median daily energy intake was lower in patients with diabetes ( Table 3) , and even after adjustments for age, gender, BMI, physical activity
and education level remained lower in T1D (-9.9 % (CI 95% -11.2 to -8.6), p<0.001) and T2D (-12.3 % (CI 95% -13.8 to -10.8), p<0.001) as compared to the general population (data not shown).
The proportion of patients with diabetes and of the general population achieving the recommended intakes was high for MUFA, PUFA, and protein (80-100%; Figure 2 ) but low for dietary fibre, SFA, fruit and fish (<25%; Figure 2 ). All groups had higher than recommended intake of SFA (~13 E% in patients with diabetes vs. 15 E% in the general population), while the median intake of total fat was identical in all groups (~37-38 E%; Table 3 ). Using the DNSG recommendation for total fat intake (<35 E%) the adherence in patients with diabetes was low compared to the general population (NNR recommendation <40 E%) (Figure 2) . Median intake of carbohydrates was ~45 E% and in the lower end of the recommended 45-60 E% (Figure 2 ). More patients with diabetes than in the general population were close to fulfilling the recommendations for reducing the intake of added sugar (97% vs. 67%; Figure 2 ). Although low (Figure 2) , the median intakes of dietary fibre adjusted for total energy was higher in patients with diabetes compared to the general population (29-31 g/10 MJ vs. 23 g/10 MJ; Table 3 ). Patients with diabetes had the highest adherence to intake of vegetables (T1D 44% and T2D 36% vs. 15% of the general population), and when adjusted for total energy, median intake of vegetables were above the recommended lower limit of 300 g/d in T1D (346 g/10 MJ) compared to 290 g/10 MJ in T2D and 189 g/10 MJ in the general population. After adjustment for age, gender, BMI, energy intake, physical activity and education we found a 20% higher intake of vegetables in patients with diabetes compared with the general population (p<0.001, Figure 3 ). Participants with diabetes demonstrated a 30% lower intake of added sugar and 20-50% lower intake of alcohol as compared with the general population (p<0.001 for all, Figure 3 ). Patients with T2D had a 37% lower intake of alcohol as compared with patients with T1D (p<0.001).
DISCUSSION
In the present study we demonstrate that overall dietary adherence to recommendations, e.g. to limit intake of added sugar and alcohol, and increase intake of vegetables and dietary fibre, was significantly higher in patients with T1D and T2D as compared to the general population, even after adjusting for possible confounders (gender, age, physical activity and education). Only two smaller studies (n < 200 participants) have previously investigated patients with T1D and T2D (8, 9) , and found low adherence to all dietary recommendations except for protein intake. Even though dietary recommendations are evidence-based, the current strength of evidence does not support one ideal M A N U S C R I P T distribution of macronutrients in a diet that apply for all patients with T1D or T2D(4). For carbohydrates, the ideal dietary intake to achieve good glycaemic control in T1D or to obtain and maintain a weight loss in T2D is still under debate (17) .
There is consensus to reduce intake of SFA and increase intake of dietary fibre, particularly from whole grain cereals, associated with lower CVD-specific and all-cause mortality in patients with diabetes, while only modest effects on glycaemic control have been found with intakes higher than 50 g fibre per day (4, 18) . In our study, less than 10% of the patients with diabetes fulfilled the DNSG recommendations of 40 g of fibres per day. Perhaps the recommended dietary fibre intake is unrealistic for the majority why the North American dietary guidelines recommend that patients with diabetes should consume at least the amount of dietary fibre and whole grain as recommended for the general population, corresponding to the NNR (2, 4) . When adjusted for total energy intake, we found intake of dietary fibre and vegetables to be significantly higher in patients with diabetes.
Since consumption of fibre-rich vegetables, fruits, legumes and whole grain cereals are part of the dietary recommendations in most patients with diabetes this higher intake may reflect a greater awareness on eating a high-fibre diet. Less than 10% of patients with diabetes and of the general population fulfilled the recommendations for intake of SFA, reflecting a general problem of the abundance of SFA (and refined carbohydrates) in the western diet. Our findings are in accordance with findings in several observational studies, where intakes of total fat and saturated fat exceed recommendations, while the opposite goes for the intake of fibre in patients with diabetes (6, 7, 10, 11) .
The strengths of our study are the large sample size, the standardized and validated method for dietary data collection, and the examination of possible differences in dietary habits between patients with diabetes and the general population. Another strength is the online survey for data collection, since it presented a minimal burden and maximal flexibility for the respondents and potentially reduced underreporting of e.g. alcohol consumption, which for many are sensitive topics in interviewer-administered surveys. A weakness is the low rate of participation (26%) and the possible biases this may have resulted in, since patients with healthier eating habits tend to be more prone to participate in comparable nutritional studies. Low participation rates have been reported for comparable surveys in contrast to surveys that involve a more personalized recruitment and data collection (19, 20) . However, overall participation rates have declined in epidemiological studies in Denmark over the last 50 years: From ~85% (late 1970s) to ~45% (2006) (21) . Quantifying differences in dietary intake based on dietary data from two different dietary assessment methods is
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another study limitation, and another bias when interpreting our results, is the impact of possible non-response bias, since respondents had a higher education level compared to respondents from the general population. Only 12% in the general population had a long further education as compared to 15-24% in subjects with diabetes. Reflecting this, population-based studies of diabetes and obesity face selective and markedly lower participation among the lowest social classes, the most obese, the most inactive, ethnic minorities, and those with unfavourable risk profiles (22) (23) (24) (25) .
However, we tried to reduce the risk of selection bias and increase participation rate by offering possible participants with difficulties in completing the online survey to be interviewed by the study recruiter by telephone or face-to-face.
In our analysis, after adjusting for several potential confounders including level of education, physical activity and BMI, we still managed to find significant differences in dietary intake of more than 20% between patients with diabetes and the general population suggesting an independent difference.
All data in our dietary survey of patients with diabetes are self-reported except for the clinical data, making the assessment of dietary intake and physical activity subjects to errors. The FFQ is a retrospective method for assessment of dietary intake where biases caused by errors in memory and perception of portion sizes of food are main issues, why our FFQ was only based on the last three months, an HbA1c period, in order to reduce the risk of memory bias. Our FFQ also included photos with the option of choosing habitual portion sizes instead of using predefined standard portion sizes as done in most FFQs, and we have previously performed a validation of our FFQ against the food diary used in DANSDA and found good alignment between the two dietary assessments methods (12) . Our FFQ and the food diary used in DANSDA are based on the same principles using the same software system at the National Food Institute. However, some of the observed differences in intake of healthy foods and macronutrients may be explained by the different assessment methods for dietary data collection and differences in underreporting in our dietary study among patients with diabetes compared to participants in DANSDA. Consequently, we only present and discuss differences in dietary intake above 10 %, in the multiple regression analysis. Patients with diabetes had a 10-12 % lower energy intake as compared to the general population and underreporting of energy intake is a well-known problem in self-reported dietary assessment studies. Underreporting has been found in other nutritional epidemiologic studies including patients with T2D (7, 26) and a Danish population (27) and is associated with both the past and current high BMI (27, 28) . The fact that most patients with diabetes acknowledges the M A N U S C R I P T importance of healthy eating, foods less accepted especially in diabetes (e.g. added sugar), may have been under-reported to a greater degree in our diabetes populations. Underreporting could also be due to dieting attempts resulting in a negative energy balance and we found that up to 21% of the potential under-reporters in our study were in a calorie-restricted program assessed by a dietitian during the study period. Previous studies have reported that dieting is an important contributor do systematic bias (14) , however, we did not exclude low-energy reporters in our analyses as others have done (11) . Data suggest that calculated BMR may be over-estimated by the Schofield equations only in the most obese (BMI>35 kg/m 2 ) and that even when adjusting for BMR, this may not transfer the group into the category of acceptable/plausible reporters (14) . The higher proportion of under-reporters in our diabetes population compared to that found in DANSDA, where physical activity was measured by pedometer, may also partly have been due to over-reporting of physical activity level in our study. A systematic review found that physical activity is generally overestimated using IPAQ-SF compared with objective measurements (29) .
In conclusion, we found that Danish patients with T1D and T2D consume significantly less added sugar and alcohol and significantly more vegetables and dietary fibre as compared to the general population in Denmark. These findings support the hypothesis that dietary guidance by dietitians may lead to greater adherence to dietary recommendations in patients with diabetes. Still, the diet of Danish diabetes patients is too high in saturated fat and too low in dietary fibre, vegetables, fruit and fish compared to dietary recommendations as the diet of the general Danish adult population.
Dietary education in patients with diabetes needs to focus more on strategies for improving the overall quality of the diet by focusing on a higher consumption of fibre-rich foods e.g. vegetables, fruit, legumes and wholegrain products and reducing/substituting foods high in saturated fat with foods high in monounsaturated fat to improve fat quality, and overall possibly improve metabolic control and reduce cardiovascular risk. T1D, type 1 diabetes; T2D, type 2 diabetes; BMI, body mass index; HbA1c, glycated haemoglobin A1C; total C, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. *Mann Whitney U test or Chi-square test for differences between participants and non-responders with T1D and T2D. T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D GP T1D T2D (a) shows the % differences in energy intake (with 95% CI) for patients with T1D (grey lines) and T2D (black lines) compared to the general population, adjusted for age, gender, BMI, physical activity, and level of education and (b) shows the % difference in g/day (with 95% CI) for patients with T1D (grey lines) and T2D (black lines) compared to the general population, adjusted for age, gender, BMI, physical activity, level of education and energy intake. E%, percentage of total energy; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
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